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B A T H Y M E T R I C A L  SURVEY OF T H E  F R E S H - W A T E R  LOCHS 
OF SCOTLAND. 

Under  the direction of Sir JOHN MURRAY, K.C.B., F.R.S., D.Sc., etc., 
and LAURENCE PULLAR, F.R.S.E. 

PART IV.--LOCHS OF THE _A_SSYNT DISTRICT. 1 

NOTES ON THE GEOLOGY OF THE ASSYNT DISTRICT, 

With Geological Map. 
By B. N. PEAC~, LL.D., F.R.S., AND J. HORNE, LLD., F.R.S. 

FROM a geological point of view, the Assynt district is one of the most interest- 
ing in the north-west Highlands. The various rock formations which enter into 
the geological structure of the region are there splendidly developed, and the 
evidence in proof of those great terrestrial displacements of post-Cambrian date 
may be studied in detail in the mountainous region that runs southward from 
Glas Bheinn by Ben IV[ore Assynt and Breabag to the Cromalt Hills. 

Beginning with the Arch~an gneisses ( ~  on map), which may be said to form 
the foundation-stones of that region, they are unquestionably older than the 
succeeding great development of Torridon Sandstone and overlying Cambrian 
strata. On referring to the geological map, it will be seen that they occupy a belt 
of ground from 6 to 9 miles broad, extending along the western coast-line between 
Enard Bay and Steer, thence inland to the base of the grand escarpment of 
Torridon Sandstone that stretches southwards from Quinag to the Coigach nloun- 
tains. These crystalline gneisses give rise to a tyl0e of scenery that is character- 
istic of a large part of the western seaboard of Sutherland and Ross, which seems 
to be typical of _A_rch~ean areas. Bare rounded knolls and bosses of grey gneiss 
follow each other in endless succession, and in the hollows there are numerous 
pools and Iochs occupying rock-basins. The whole tract occupied by these 
crystalline gneisses is singularly destitute of drift. The rocky knolls do not rise 
much above one general level, which does not as a rule exceed a few hundred feet 
in height, save near the base of Quinag, Canisp, and Suilven, where the elevation 
of the old gneiss plateau is about 1000 or 1250 feet. 

The Archman rocks of the Assynt district, west of the great escarpment of 
Torridon Sandstone, consist largely of pyroxene gneisses and ultrabasic rocks 
(pyroxenites and hornblendites), which still show in a marked degree their original 
characters. Their behaviour in the field and their appearance under the micro- 
scope have led to the conclusion that they have affinities with ptutonic igneous 
products. All over that district, where the original characters have not been 
effaced by later mechanical stresses, it is possible to trace the imperfect separation 
of the ferro-magnesian from the quartzo-felspathic constituents, the gradual 
development of mineral banding, and the net-like ramifications of acid veins 
(pegmatite) in the massive gneiss. Whatever be the origin of the mineral banding 
in these Arehman gneisses, it is certain that they possessed this handing and were 
thrown into gentle folds before the intrusion of the later dykes. 

On referring to the map showing the surface geolcgy of the Assynt district, 
it will be seen that the Arch~an area is traversed by narrow d~kes of igneous 
material (B ° on map)trending west-north-west or north-west. In certain belts 
they occur in great numbers, and their intrusive character is clearly displayed. 

i Continued from p. 195. 
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The dominant types in the Assynt district comprise ultrabasic rocks (peridotite) 
and basic, including dolerite and epidiorite. These dykes frequently form pro- 
minent features in the landscape, sometimes giving rise to ridges and sometimes 
to clefts or "s lacks"  in the midst of the surrounding gneiss. 

A further important feature in the history of the Arch~ean gneiss remains to 
be noticed, for, after the uprise of the great series of intrusive dykes, the whole 
region was subjected to mechanical stresses that profoundly affected the pyroxenic 
gneisses and the dykes which traverse them. These lines of movement may be 
described as lines of shearing or disruption lines, which trend in certain definite 
directions, and give rise to molecular re-arrangement of the minerals and the 
development of newer foliation both in the gneiss and in the dykes. The gneisses 
are thrown into sharp folds, and are traversed by zones or belts of secondary shear- 
ing, in which the pyroxenic rocks are converted into biotite and hornblende 
gneisses. In  like manaer~ the basic and ultrabasic dykes appear frequently as 
phacoi&fl masses in the shear zones, and where the latter coincide more or less 
with the original trend of the dykes, or cross them, then the peridotite and epi- 
diorite intrusions are changed into talcose schist and hornblende schist respec- 
tively. A glance at the Geological Survey 1-inch maps of the Assynt district 
(Sheets 107 and 101) shows the great number of these lines of movement. Further 
reference will be made to these features in connection with the rock-basins of that 
district. At  present it is important to remember that all these movements took 
place before the deposition of the Torridon Sandstone. 

This undulating plateau of Archman gneiss was or iginal ly  covered by a vast 
pile of sandstones, conglomerates, and shales (Torridonian, t on map), which has 
been largely removed by denudation. The unconformability at the base of the 
Torridon Sandstone represents a vast interval of time, during which the old land- 
surface of Areh~ean gneiss ~-as carved into hill and valley. On the north-west 
slope of Quinag a remnant of this ancient topography is still to be found, where a 
hill of crystalline gneiss rises to a height of 800 feet in the overlying sandstone. 
One of the striking features in the landscape of that region is the great western 
escarpment of Torridon Sandstone, reaching in places an elevation of 1000 feet 
above the Archman plateau. That cliff is not continuous, for the sandstones on 
Qu[nag north of Loeh Assynt cannot be traced without a break to those of Cul 
]Ylor and Cul Beag and of the Coigach mountains beyond. Though at the base 
there is sometimes a local breccia that varies in character in accordance with the 
underlying rocks, this pile of sediment mainly consists of a succession of false- 
bedded grits and sandstones, with scattered pebbles derived from formations which 
do not now occur in the west of Sutherland and Ross. On Quinag and Beinn 
Gharbh the sandstones have a gentle dip to the south of east, but on Suilven the 
strata are horizontal~ or nearly so. They attain a thickness of several thousand 
feet~ for in the Coigach mountains they riee from the shores of Loeb Broom to a 
height of about 2400 feet. 

Overlying the Torridon Sandstone come the various subdivisions of the 
Cambrian formation, comprising the basal quartzite (a 1 on map), pipe-rock (as), 
fucoid beds (a3), serpulite grit and limestone (a4). The detailed mapping of that 
region has proved that the Cambrian strata are separated from the Torridon Sand- 
stone by a marked unconformability. I t  represents an interval of time during 
which the Arch~an floor and overlying Torridonian sediments were exposed to 
denudation ; a vast thickness of strata was removed, and in places the Arch~ean 
gneisses were laid bare. Hence we find in the undisturbed area clear evidence of 
the double unconformability of the Cambrian quartzites on the Torridon Sandstone 
and Archman gneiss. This important geological feature is well displayed on the 

D
ow

nl
oa

de
d 

by
 [

N
ew

 Y
or

k 
U

ni
ve

rs
ity

] 
at

 1
6:

32
 0

4 
O

ct
ob

er
 2

01
4 



BATHYMETRICAL SURVEY OF FRESH-WATER LOCHS OF SCOTLAND. 237 

north slope of Beinn Gharbh, south of Loeb Assynt. The age of these sediments 
has been proved by the discovery of trilobites and other organisms, characteristic 
of the lower division of the Cambrian system, in the fueoid beds of Sutherland 
and Ross. Fragments of these trilobites have been found in this member of the 
series at Knoekan and on the north shore of Loch Assynt. 

On referring to the map, it  will be seen that to the west of the band of lime- 
stone (a 4) extending from Inchnadamff to Knoekan~ the Cambrian quartzites and 
fucoid beds have been traced across the sheet from Loch Gainmheich to Strath 
Kanaird. On the eastern slopes of Quinag, Canisp, and Cul Mor, the white quart- 
zites form a thin cake on the underlying Torridon Sandstone, which on some of 
the lofty peaks is isolated by denudation. The quartzites dip at a higher angle 
than the sandstone, and on descending the hill slopes, the former pass transgres- 
sively across bed after bed of the sandstone s and rest successively on lower members 
of the Torridon Sandstone. 

One of the remarkable features of the Assynt district is the series of intrusive 
igneous rocks of later date than the Cambrian limestone and older than the post- 
Cambrian movements. In  the undisturbed area west of the great post-Cambrian 
displacements, they cover considerable areas on Beinn Gharbh, south of Loch 
Assynt, where they appear as sills in the Torridon Sandstone or Cambrian quart- 
zite. These sills can be traced round the western slopes of that hill, as well as 
round the escarpments of Suilven and Canisp. But in the displaced masses, east 
of a line extending from Inchnadamff to Knockan, the intrusive rocks of this series 
have a much larger development and greater variety. They appear at intervals 
over a tract measuring 12 miles from north to south, and from 5 to 6 miles from 
east to west. The largest of these masses extends from Ledmore and Cnoc na 
Sroine eastwards by Aultuacallagach towards Cnoc Chaoruinn, and another impor- 
tant sheet runs north from Loch Ailsh to Loch Sail an Rnathair. But throughout 
the mountainous region of Glas Bheinn, Ben More Assynt, and Breabag these 
igneous rocks appear as sills in the various thrust-masses, restricted generally to 
certain definite horizons. A glance at the map will show that they occur at the 
base of the Cambrian quartzite, in the basal quartzite~ in the pipe-rock, in the 
fucoid beds, and also in the limestone. The mapping of these intrusive sheets 
has shown the complicated character of the geological structure of that region. 
The petrographical characters of these igneous materials have been studied by 
Mr. Teall, and are of special interest. They comprise the plutonic mass of Cnoc 
na Sroine and Loch Borralan~ and the numerous sills and dykes that traverse the 
Torridonian and Cambrian sediments. The former seems to have resulted from 
the consolidation of alkaline magmas rich in soda ; at the one end of the series 
there is the quartz-syenite of Cnoc na Sroine, and at the other the basic augite- 
syenite, nepheline-syenite, and borolanite. The sills and dykes include two 
well-marked types--viz, hornblende-felspar rocks, and felsites with alkali felspar 
and mgirine. 

Before proceeding to the description of the eastern or Moine schists (m on map), 
reference must be made to those terrestrial movements which affected that region 
in post-Cambrian time, whereby the Cambrian rocks were piled on each other, and 
huge slices of the floor of Archman gneiss with the overlying Torridonian and 
Cambrian sediments were driven westwards and made to override the underlying 
p•d-up  strata. This structure is admirably shown in the horizontal section 
extending from Quinag to the river Cassley~ placed below the map showing the 
surface geology of the kssynt  district. On referring to that section, i t  will be 
seen that  at its western limit on Quinag, where the rocks are undisturbed, the 
Torridon Sandstone rests on a highly eroded platform of Archman gneiss, being 
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itself unconformably overlaid in turn by the Cambrian quartzites, fucoid beds, 
and serpulite grit (3, 4, 5, 6 in section). In the valley of the Skiag, north of Loch 
Assynt, the first disruption line or thrust-plane is met with, above which lie 
various members of the Cambrian system, chiefly the fucoid beds, serpulite grit, 
~nd limestone, with their accompanying intrusive sheets of igneous material, all 
of them being driven together by minor thrusts or reversed faults or folds. 

Crossing the limestone plateau at Achumore to the western base of Glas 
Bheinn, we encounter the Glencoul thrust (1" in section), the first of the series of 
powerful displacement~ in the Assyut region. Overlying this plane there is a 
mass of Archman gneiss, covered unconformably by both divisions of the Cambrian 
quartzite with their characteristic igneous sills. Along the western slope of Glas 
Bheinn the quartzites are inverted, but the sequence can be interpreted by means 
of the subdivisions of the pipe-rock, based on the characters of the worm-casts 
from which that zone derives its name. E~stwards we find the Poll an Droighinn 
thrust (T '  in section), and still further east, beyond Loch Cuaran, the Ben More 
thrust (T" in section). By means of these displacements, additional slices of the 
Archman floor with the overlying Cambrian sediments and intrusive sheets have 
been driven westwards like the materials above the Glencoul thrust-plane. The 
visitor to that district may study the relations of the Ben More thrust-plane and 
the materials above and below it on the southern slope of that mountain in the 
t~eallach (pass) of Coniveall. A considerable thickness of Torridon Sandstone 
there intervenes between the Archman gneiss and the Cambrian quartzites, which 
does not appear in the line of section further north between Quinag and the river 
Cassley. Indeed, on Ben More Assynt, the double unconformability of the Cam- 
brian quartzite on the Torridon Sandstone and Arehman gneiss is well seen. In 
the deep corries on the south side of Ben More Assynt, the observer finds a great 
development of the Lewisian gneiss with its dykes of epidiorite, forming a rocky 
slope about 1000 feet high, which presents many of the characteristic features of 
the old Arehman floor west of Quinag. E tstwards again, towards the river 
Cassley, beyond the Cambrian quartzites, fucoid beds, serpulite grit and lime- 
stone, appears the Moine thrust, which brings forward a great succession of 
crystalline schists (Moine schists, M in section), to which reference will imme- 
diately be made. 

One of the romantic features of the geology of the Assynt region is the isola- 
tion by denudation of materials overlying the Ben More thrust-plane. Two 
outliers of this nature occur west of Breabag, on Beinn nan Cnaimhseag and Beinn 
an Fhuarain, where slices of Torridon Sandstone and basal Cambrian quartzite 
overlie Cambrian limestone. Indeed, in the more southerly mass (see map) a 
small core of Archman gneiss with an intTusive dyke of epidiorite appears in the 
midst of the younger formations. These outliers clearly point to the original 
westward extension of the materials overlying the Ben More thrust-plane having 
been separated from the main mass east of Breabag by prolonged denudation. 
It  is worthy of note that, though the structure of the disturbed area in the 
mountainous region of Assynt is highly complicated, still by the zonal mapping 
of the various rock groups, the relations of the displaced materials can be satis- 
factorily determined. 

The Moine thrust (T ~v in section) is the most easterly of the greatpost-Cambrian 
displacements that affected that region, the outcrop of which is somewhat remark- 
able. On referring to the geological map, it will be seen that it can be traced from 
Loch nan Caorach and Gorm Loch Mot east of Glas Bheinn, southwards along the 
eastern base of the Ben More group of mountains to Loeh Ailsh, thence across the 
Oykell to the Cromalt hills. Here the outcrop of the thrust-plane changes its 
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course, and runs west along the base of these hills to Knockan, a distance of 6 
miles, whence it  runs southwards to Strath Kanaird. I t  will thus be seen that  
there is an extraordinary overlap of the Moine thrust-plane along the base of the 
Cromalt hills, for i t  passes transgressively across the Ben More thrust-plane and 
all underlying thrusts till the materials overlying it  rest directly on the undisturbed 
Cambrian strata south of Knockau. 

Near the Moine thrust the new structures resulting from the post-Cambrian 
movements are well developed. The lenticles of Lewisian gneiss and pegmatite 
are sheared and rolled out, the former passing into flaser gneiss and schist~ and 
ultimately into a banded platy schist, while the latter show fluxion structure with 
felspar "eyes"  like rhyolites. The Torridon Sandstone and Cambrian quartzites, 
the fueoid beds and intrusive igneous sheets, are likewise sheared and rolled out, 
the new divisional planes being more or less parallel to that of the Moine thrust. 
Indeed, such is the transformation effected by these movements on the crystalline 
rocks and overlying sediments, that i t  is often difficult to determine the original 
characters of the component members. I t  is noteworthy, however, that all the 
crushed or mylonised rocks near the Moine thrust show a characteristic striping 
on the divisional planes due to orientation of the constituents in the direction of 
movement. 

Tile strata overlying the Moine thrust-plane and stretching eastwards down the 
Cassley and the river Oykell and across the Cromalt hills are remarkably uniform 
in character. They consist to a large extent of flaggy quartzose schists, with 
partings and bands of mica-schists and occasional intrusive sheets or sills of 
igneous material which have a common foliation with the schists. The matrix of 
the quartz-schists is hole-crystalline and forms a granulitie mosaic, ~vhich is per- 
haps the characteristic feature of the group. Occasionally " e y e s "  of felspar 
appear in the schists, when the reeks might be described as flaser schists. There 
can be little doubt that the Moine schists are to a large extent, if  not wholly, 
altered sediments, the age of which is still uncertain. Any one who has examined 
the Archman rocks in the undisturbed area west of the Torridon Sandstone escarp- 
ment, has no difficulty in distinguishing the pyroxenio gneisses and intrusive 
dykes from the quartz-schists and mica-schists of the Moine series. These broad 
lithologieal distinctions have been of great service in interpreting the history of 
the glaciation of that  region. 

The Assynt district furnishes impressive evidence of denudation by the removal 
of a vast covering of Torridon S~ndstone, by the persistent eastward recession of 
that escarpment, by the stripping off of the materials overlying the successive 
thrust-planes, and also by the development of the present drainage system. I t  is 
a remarkable fact that south of the mountainous region of Assynt the water- 
shed lies to the east of Cul Mor, Cul Beag, and the Colgach mountains in the 
less elevated platform of the Moine schists. I t  is evident that the present 
drainage system originated at a remote geological period, when the eastern or 
Moine schists extended far to the west of their present limits, and were arranged 
in the form of a dome round the displaced masses which now form the moun- 
tainous region of Assynt. I t  is highly probable, also, that before the glacial 
period the land stood relatively higher than at present, and that the rivers on the 
west side of the watershed occupy consequent valleys which extended far to the 
west of the present coast-line. 

Everywhere throughout the Assynt district, and especially in the mountainous 
region extending from Glas Bheinn to the Coigaoh area and over the plateau of 
Archman gneiss, there is conclusive evidence of intense glaciation. Perhaps the 
most striking feature of the glacial phenomena of Assynt is the evidence pointing 
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to the conclusion that during the maximum glaciation the ice-shed did not coincide 
with the existing watershed. From an examination of the strize indicating the 
direction of ice-flow, and from the distribution of boulders, i t  appears that the ice- 
parting lay to the east of the present watershed. Indeed, the ice must have 
accumulated to a great thickness on the less elevated plateau occupied by the 
Moine schists east of the Ben More Assynt range and east of the Coigach 
mountains. 

The general movement of the ice at great elevations in this district was in a 
westerly direction, sometimes to the north and sometimes south of that point. 
For example, on Glas Bheinn, on one of the exposures of Archman gneiss, at a 
height exceeding 2000 feet, the stri~e point W. 5 ° 1~. Again, on Beallach an 
Uidhe, between Gins Bheinn and Beinn Uidhe, at an elevation of about 2000 feet, 
the direction is west-south-west. East of Inchnadamff, on the quartzite of Beinn 
an Fhurain, between the 2000 and 2250-feet contour-Iines, the stri,-e run north of 
west. In  the lofty pass crossing the Ben More range, that leads into Corrie 
Mhadaidh, at a level of 2750 feet, the direction is W. 10 ° S. or WSW.  In  like 
manner, on the long ridge of ]3reabag that  runs northward from the Beallach of 
Coniveall, the average height of which is over 2000 feet, splendidly striated 
surfaces have been recorded which indicate an ice-movement in a westerly 
direction. 

Passing westwards to the mountains north and south of Loch Assynt, we find 
similar evidence of a westerly movement during the maximum glaciation. On 
Quinag, at an elevation of 1750 feet, the strim point W. 5 ° 1~., and on Beinn 
Gharbh near the top, about the 1500-feet contour-line, the direction varies from 
W. 10 ° S. to W.S.W. On the eastern slope of Canlsp, between the 1250 and 1500 
feet contour-lines, on polished surfaces of quartzite, the strim point north of west, 
indicating an ice-movement up the slope in the direction of the Archcean plateau. 
On the flanks of Suilvea, below the limit of the Torridon Sandstone, the strim trend 
about west-north-west. Further south, on Cul Mor, near the 1500-feet level, on 
the top of the escarpment of Torridon Sandstone east of Loch Skinaskink, the 
direction is a few degrees south of west. 

The general westerly movement of the ice across the mountainous part of 
Assynt, the Cromalt hills, and the Coigaeh district is confirmed by the dispersal 
of the boulders. Indeed, the evidence on this point is somewhat remarkable. For 
instance, on Beinn an Fhurain, which is composed of displaced members of the 
Cambrian formation, quartzites, fucoid beds, and serpulite grit, boulders of thrust 
Lewisian gneiss occur on the crest of the ridge, which have been borne westwards 
from the deep corries north of Ben More Assynt. The highest elevation of the 
thrust Lewisian gneiss in Corrie Mhadaidh is from 1750 to 2250 feet, and the 
strim on the quartzite ridge of Beinn an Fhurain west of that  corrie point W. 10 ° 
to 20 ° Iq. Further north, on Mullach an Leathaid Riabhaich, similar boulders of 
thrust Lewisian gneiss rest on the quartzite at a height of 2250 feet. On Breabag 
the evidence is no less remarkable, for on the quartzite ridge that  runs southwards 
from Breabag Tarsuinn (2044 feet) about the 2000-feet level, numerous blocks of 
thrust gneiss and Moine schist have been recorded. Far ther  south along the same 
ridge, in the direction of Meall Diamhain, on the outcrop of fucoid beds as well 
as on the quartzites, blocks of thrust  gneiss and granulitie quartz-schist are met 
with. The boulders of thrust gneiss have been derived from the belt of this 
material that has been traced continuously from Ben More Assynt south to 
Sgonnan Mor, while the blocks of granulitic schists have been carried westwards 
from the Moine schist area, the average height of which is lower than that of the 
Breabag ridge. I t  follows, therefore~ that during this westerly movement the 
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Moine schist erratics must have been borne to levels at least 500 feet higher than 
the sources from which they were derived. 

When we pass beyond the limit of the Ben More group of mountains to Cul 
Beag (2523 feet)--a mountain of Torridon Sandstone west of the Cromalt hills, 
the evidence is equally conclusive regarding the transport of materials in a westerly 
direction to higher levels. For there, at a height of 2300 feet, blocks of Moine 
schist rest on the Torridon Sandstone. Comparing the elevation of the Cromalt 
hills between Coigach and the river Oykell with the height of these erratics on 
Cul Beat ,  it is obvious that the latter must have been raised about 600 feet in 
the course of the movement. On Cul Mor, north of Cul Beag, our colleague 
Mr. Hinxman found a boulder of nepheline-mgirine syenite just below the 2000-feet 
contour-line, which must have been derived from the Cane na Sroine and Ault-  
naeallagach igneous mass (see geological map). No part of that mass reaches 
an elevation greater than 1306 feet, so that this boulder, during the westerly 
movement of the ice, must have been raised at least about 600 feet above its 
parent source. 

There is hardly any trace of boulder clay within the mountainous part of 
Assynt. This deposit appears in some of the valleys occupied by the Moine schists, 
as, for instance, in the catchment basins of the Cassley and the Oykell, and in 
the valleys of the Cromalt hills. The drift deposits consist chiefly of moraines, 
which have indeed a wide distribution. An examination of the morainicmateria], 
and of the boulders on the mounds, points to a period of confluent glaciers when 
the mountainous part of Assynt, together with the Cromalt hills, Cul Mor, Cul 
Beat,  and the Coigach mountains, became independent centres of dispersion. The 
feathered arrows on the geological map indicate this later movement, and show a 
marked contrast from the persistent westerly trend of the earlier glaciation. A 
glance at the map will show, for instance, how from the north-east slope of the  
Glas Bheinn and Ben More Assynt range the later ice spread over the moorland 
plateau east of Germ Loch Mor and Fionn Loch Mor onwards in the direction of 
Loch Shin. This plateau is covered with moraine mounds which contain boulders 
and debris of Cambrian quartzite, borne from the mountains to the west on to the 
area occupied by the Moine schists. Again, in the valley of the Cassley that drains 
the great corries east of Ben More Assynt and Carn na Convaroan, boulders of 
Cambrian quartzite have been traced for about 15 miles down to Invercassley. 
Again, on the Moine schist plateau east of Loch Ailsh and south-east of Sgonnan 
Mor, moraines occur containing blocks of Cambrian quartzite and thrust  Arehman 
gneiss from that area. Further, on the west side of Glas Bheinn and Ben More 
Assynt, in the neighbourhood of Inchnadamff, part of this confluent glacier ice 
streamed northwards up the Skiag valley, carrying boulders of the intrusive porphy- 
rite of Beinn Gharbh in its train. Local ice streamed off the eastern slopes of 
Canisp and Beinn Gharbh, which coalesced with that radiating from Breabag. 
In  like manner, from the eastern slopes of Cul Mor and Cul Beat ,  local glaciers 
diverged which united with that moving off the Cromalt hills, and were deflected 
westwards towards the Archman plateau and norihwards towards Strath Kanaird. 

On referring to the geological map, it will be seen that most of lhe loehs lie 
within the area occupied by the AIchman gneiss. As the region is remarkably 
free of drift, the lochs lie in hollows in l he solid rock, and are therefore rock-basins. 
Indeed, any one who visits the area cannot fail to he struck with the number and 
irregular outlines of the lakes in the plateau of Ar(h~ean gneiss. While mapping 
that region, it was obvious that the direction of many of the lochs and of their  
branches had been largely influenced by the trend of lines of shearing and lines of 
fault, by the trend of groups of intrusive dykes, and by the presence of ultral~asic 
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mas~es, which weather more readily than the pyroxenic gneiss. In  view of these 
facts, the irregular contour of the lakes on the Arch~ean plateau, as proved by the 
soundings, is what might naturally be expected. 

Loch Assy~t.--This is the largest and by far the most important lake in the 
Assynt district. Round the upper end and along the north-east shore from 
Iuchnadamff to the southern base of Q~finag, i t  is floored by Cambrian and 
Torridonian strata, while the remainder rests on the Archman gneiss plateau. 
I t  lies along an old consequent valley, the origin of which dates back to a 
time when the surface configuration was very different from what it is now. 
Originally, the lake was of larger dimensions, for at its upper end it has been silted 
up by the river Loanan ; indeed, in that direction it must have extended at one 
time almost to Stroneehrubie. A t  its lower end it must formerly have continued 
down to the narrows above Inveruplan--a  distance of over 2 miles from the foot 
of the loeh, where a rocky barrier of gneiss and intrusive dykes crosses the r iver  
Iuver. From that point upwards to the present lower limit of the lake an alluvial 
terrace is traceable, through which the river follows a winding course. During its 
former extension, Loch Assynt must have been continuous with Loch Uidh na 
Geadaig and Loeh Leitir Easaich. 

The soundings show that this rock-basin is comparatively uniform. The 
50-feet contour-line runs from the present lower limit of the lake to near t h e  
mouth of the river Loauan;  the 100-feet contour-line, from the bend at Loch 
Leitir  Easaich to near the schoolhouse at Inchnadamff--a distance of 5 miles ; 
the 150-feet contour-line is continuous from a point opposite Tomore to near the 
schoolhouse at Inchnadamff, thus forming one basin 4~ miles long. Five basins 
are enclosed by the 200-feet contour-line, and three basins by the 250-feet line. 
The height of the surface of the lake above sea-level is 215 feet, and the greatest 
depth is 282 feet, within the Arch~an area near Tobeg and Eilean Assynt. A t  
that  point the lake is 67 feet below sea-level. 2~ glance at the bathymetrical map 
will show that the long axes of the deeper basins coincide with the trend of the loch 
between Loch Leitir  Easaieh and Inchnadamff, and that they lie nearer the southern 
shore. This feature is worthy of note, as it is a continuation of an important fault 
which has been traced for miles along Glen Salach in a north-west direction, in 
the line of which lie several lakes (see geological map). I t  must be borne in 
mind, however, that this line of disruption, which has produced breeciation of the 
Arch~ean gneiss and dykes along Glen Salaeh, is of pre-Torridonian age, and has 
no connection with the later post-Cambrian movements. I t  developed a line of 
• veakness, which, when stripped of the overlying Torridon Sandstone and Cam- 
brian strata, would aid erosion either by the action of running water or land ice. 
Several faults enter the lake on the south side between Tobeg and Rudh' an Alt-  
toir, which, trending in a north-east direction, are coincident with inlets at the 
ulargin. Indeed, it is not improbable that the sudden deflection of the lake 
between Loch Assynt Lodge and Litt le Assynt- - i t s  course there being south-west 
and north-east--may be due to faults in the same direction, entering the lake at  
Lit t le  Assynt. 

Loch Leitir Easaich.--This is a shallow rock-basin on the Archman plateal~, 
which, as already indicated, was originally an arm of Loeb Assynt. I ts  long axis, 
trending north-west, coincides in direction with that of the Glen Salach fault, but  
the deepest sounding--70 feet--does not lie in the line of this pre-Torridonian 
dislocation, but in a small basin to the south of it. 

Loch Beannach is another shallow rock-basin on the Archman gneiss with 
very irregular outlines, its greatest depth being 38 feet. Numerous rock knobs 
project above the surface of the water. The long arm trending north-west to 

D
ow

nl
oa

de
d 

by
 [

N
ew

 Y
or

k 
U

ni
ve

rs
ity

] 
at

 1
6:

32
 0

4 
O

ct
ob

er
 2

01
4 



BATHY/~IETRICAL SURVEY OF FRESH-WATER LOCHS OE SCOTLAND. 243 

Loch an Dubh Uidh coincides in direction with an epidiorite dyke and with a 
line of disruption, but the numerous small bays reflect the varying lithological 
characters of the Arch~ean gneiss. 

Loch D r u i m  S~ardalain and Loch na Doire Daraich are two shallow rock- 
basin~ lying in the consequent valley of the Glen Canisp river (Amhainn na Clach 
Airidh). A chain of small lakes lie along this ancient valley, all of which are 
rock-basins now in course of being silted up. The greatest depth of Loch 
Druim Suardalain is 31 feet. Several small faults cross this lake in a north-east 
direction, which produce a slight displacement of the intrusive dyl~es, but they do 
not seem to have modified the floor of the loch as indicated by the soundings. 
Loch na Doire Daraich is only about 9 feet deep. 

.Loeb Crbcach and Loch an Tuirc are likewise shallow rock-basins on the bare 
Archman floor. The long axis of the former loch, ~which is about 1½ miles in 
length, lies in the line of a well-marked fault which has been traced for miles 
across the Archman plateau. There can be little doubt that the straight feature 
of the west shore is due to this dislocation. ~umerous roches ~wutonndes rise 
above the surface of the lake towards the east side. Again, in the case of Loeb 
an Tuirc, a fault which shifts the intrusive dykes enters the lake at its outlet, and 
crosses i t  in a north-easterly direction. The straight feature on the south side 
coincides with a zone of newer shearing in the Archman gneiss trending east and 
west. 

Loch Veyatie and Fioun Loch.--These lakes lie in rock-basins in the direction 
of an old consequent valley traversing the Arch~ean plateau and the Torridonian 
and Cambrian strata north-west of Elphin. These lakes were evidently at one 
time connected, for an alluvial terrace stretches up the valley from the Fionn Loch 
to near Loch Veyatie. The height of the surface of the Fionn loch is 357 feet 
above sea-level, and the height of the alluvial terrace is 379 feet, so that the lake 
has been lowered by about 20 feet. The long axis of this lake coincides generally 
with the strike of the original banding of the Archman gneiss, which there dips to 
the south-west at angles varying from 20 ° to 30 ° . Several large intrusive dykes 
trend obliquely up the loch, and lines of newer shearing enter the lake on the 
north-west side, trending north-west. Indeed, these shear lines have evidently 
determined the arm of the lake that runs westwards beyond the point where the 
river Kirkaig drains this sheet of water. Though of irregular contour, the sound- 
ings show that it is a long narrow basin, the deepest sounding being 90 feet. 

In like manner, though Loch Yeyatie is 4 miles long, the soundings show that 
i t  is a comparatively shallow basin, the deepest sounding being 126 feet north of 
Loch a' Mhiotailt  and near the foot of the loch. The long axis of this lake is 
oblique to the strike of the early foliation of the Arc l~an  gneiss, and several 
large intrusive dykes enter the foot of the lake, the direction of which coincides with 
that axis. The upper part of the lake is floored partly by Cambrian and partly by 
Torridonian strata, the lofty mountain of Cul Mor rising to a height of 2786 fee~ 
on the south side. The soundings show that there are three small basins, each 
over 100 feet in deptb, two of which lie north-north-east of the great escarpment 
of Torridon Sandstone of Cul Mor, and the third near the foot, opposite an escarp- 
ment of Archman gneiss which rises to a height of 200 feet above the level of the 
lake. 

.Loch a' Mhlotai l t  is an arm of Loch Veyatie, near the foot of the latter, and on 
its south side. The deepest sounding is 69 feet. The long arm of the lake has 
evidently been determined by faults which shift the outcrops of the intrusive 
dykes. 

Zoch Chin flows into Loch Yeyatie at its upper end, near Elphin. The western 
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portion of this lake is floored by Arch~an rocks, and the central and eastern 
portions by Torridonian and Cambrian strata. The soundings show that it is a 
comparatively shallow rock-basin. Much of the east part near Elphin is under 
50 feet in depth, and the deepest soundings recorded at two localities further west 
are 122 feet. One of these localities is at the narrows, wheLe the lake is floored 
by Cambrian quartzite, and the other about two-thirds of a mile from the head on 
the Arch~ean plateau. The soundings further show that near the head of the lake 
on the south-west side there is a narrow basin trending nearly west-north-west, 
enclosed by the 100-feet contour-line, the direction of which coincides with a line 
of pre-Torridonian shearing that has been traced for miles to the west-north-west 
into the Fionn Loeh. The soundings also prove that there is a steep cliff along 
the south shore parallel to this line of shearing~ which is continued west-north-west 
beyond the lake towards the Fionn Loeh. 

Of all the lakes within the Arch~an plateau~ Loch Skinaskink presents the 
most irregular outlines. Still, i t  is obvious that  its southern portion lies along a 
consequent valley, which rises between Cul Mor and Cul Beag. The lake is now 
drained by the river l%lly, which, where it  leaves the loch, flows over a barrier of 
Archman gneiss. The longer axis of the loeh south-west of Eilean Mor coincides 
with the trend of the early foliation of the gneiss and of certain intrusive dyl~es. 
The north-west margin of the loch has been determined by a pre-Torridonian line 
of fault, which shifts the outcrops of the intrusive dykes. 

Numerous rocky islets rise above the level of the rock, which, together with 
the soundings, reflect the varying character of the Archman gneiss and intrusive 
dykes. Various faults enter the loeb, which in many cases have given rise 
to well-marked inlets. The deepest sounding is 216 feet, which occurs not 
far to the south of Eilean Mor~ in the line of the longest axis from south-east 
to north-west, and where that axis is intersected by a north-east and south- 
west fault. 

Zo~h Lurgain lies wholly within the Torridon Sandstone area, and is a true 
rock-basin, for at its outlet it flows over a barrier of rock into Loch Bada na h- 
Achlaise. The trend of the upper part obliquely crosses the strike of the Torridon 
Sandstone, while that of the lower is more or less parallel to it. About midway 
down the loch, roches moutonnges appear, and the soundings there ~a~y from 20 to 
56 feet. Above these islands there is a simple basin, the deepest sounding being 
156 feet north-east of Beinn Eun. Below the islands the basin is comparatively 
simple, the greatest depth being 148 feet. A t  the foot of the loeh, immediately 
in front of the rocky barrier, the basin enclosed by the 100-feet contour-line is 
broader than further up the lake. 

Loch Bad a' GhaiU is a true rock-basin, which, save at its lower end, where the 
rocky barrier is composed of Archman gneiss, is floored by Torridon Sandstone. 
The soundings show that this lake forms two well-marked basins. The greatest 
depth of the upper one is 180 feet, which is a few feet below sea-level, and the 
deepest sounding of the lower basin is 153 feet. The ice-movement, as indicated 
by the strim, seems to have coincided generally with the direction of this lake and 
Loch Lurgain. Morainic drift is met with at intervals along the shores of these 
lakes. 

Zoch Owskeich is likewise a rock-basin, the barrier being formed of Torridon 
Sandstone. The loch, save at its upper end, where there is a ridge of Archacan 
gneiss, is floored by Torridon Sandstone. The soundings show that this lake has 
been modified by a powerful north-north-east and south-snuth-~est fault ~kirtir~g 
the eastern shore, whereby the Torridon Sandstone has been thrown down against 
the Arehman floor on the east side. A glance at the map will show how the 
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contour-lines run parallel to that fault and close to the shore, and that the deepest 
sounding, 153 feet, is not far from the line of this dislocation. 

Loch Urigill and Loch Maol c~' Choire are shallow rock-basins in the Cambrian 
limestone, the erosion of which may be partly due to solution. 

.Loch Borralan lies along the line of a consequent valley~ near the headwaters 
of the river Kirkaig, and probably not far from the original axis of uplift in early 
Palmozoic times. I t  is a shallow rock-basin, floored by igneous rocks which belong 
to the igneous mass of Cnoc na Sroine, with some drift along its margin. 

From the evidence now adduced, it is obvious that the plateau of Archman 
gneiss with its intrusive dykes is dotted over with lakes of various sizes, which~ 
with the exception of the lower part of Loch Assynt, are of moderate depth. 
Indeed, most of them are shallow basins, which reflect the varying types of gneiss 
and intrusive dykes and their subsequent deformation. I t  is, no doubt, true that 
the numerous shear-lines and faults of pre-Torridonian age that traverse the 
Archman plateau have determined to some extent the features of these lakes ; but  
we are, nevertheless, of opinion that the evidence taken as a whole is in favour of 
the theory that they have been mainly produced by the erosive action of ice. 

NOTES ON THE BIOLOGY OF THE LOCtIS IN  T H E  

ASSYNT DISTRICT.  

By JA~IES MUaRAY. 

Only an incomplete sketch can be given of the biology of this district, as 
collections of plankton were made in only twelve out of the twenty lochs dealt 
with in this paper. Loch Assynt is the largest loch in the district, but  four others, 
viz. Lochs Lurgain, Skinaskink, Bad a' Ghaill, and Owskeich, are moderately large 
and of considerable mean depth s so that they fall to be classed rather with the 
large loehs than with the small ones. The remainder are small or of low mean 
depth. 

The fauna of the plankton was very uniform throughout these loehs, differing 
chiefly in the presence in some of them of one or other of the northern species of 
Diaptomus, D. Wierzejskii and D. laciniatus, in the .DaThnia being /9. lac~stris 
in some and D. galeata in others, and in the greater abundance of Rotifera 
and Rhizopods in the shallower lochs. Though the three common Scottish 
species of .Diaptomus were found in the district, they were never all found 
together in one loch~ as was commonly the case elsewhere in Sutherland. The 
Daphnia in most of the lochs was the typical D. lacustris. In one loch this was 
associated with D. galeata, while in three lochs D. galeata was alone observed. 
.Leptodora was only observed in Loch Skinaskink~ and ~Bythotre2ohes was not 
observed at all. 

While the fauna thus offers little that is remarkable, the flora~ on the other 
hand, is notable for the great wealth of Alg~e, especially of Desmids. Over fifty 
species of Desmids were observed, and between thirty and forty of these some- 
times occurred in one loeh. Messrs. West~ commenting on the Desmid flora of 
this part of Scotland, state that the plankton is unique in the abundance of its 
Desmids, and that the most conspicuous of these are of a distinctly western type, 
being found in Europe only along the extreme north-western coasts, while in 
North America they are eastern species. The southern and eastern limits of this 
remarkably rich area in Scotland cannot yet be fixed; in Sutherland it  extends 
right across Scotland. An examination of many hill loehs in Perthshire and 
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in the south of Scotland showed no such rich flora there. When the distribu- 
tion of the Desmid flora is worked out, i t  will be of interest to observe whether 
the area covered by those western species coincides with that occupied by 
the northern Calanid~e, Diapto~nus W'ierzejskii and .D. laciniatq~s, which are so 
generally distributed in Suther]and, though they also occur in many spots further 
south. 

Loch Assy~t.--The plankton of this loch closely resembles that of the larger 
loehs in the south, only the typically pelagic Entomostraca and Rotifera being 
present. I t  is noticeable that neither Diaptomus Wierzejskii, D. lacin~atus, nor 
Daphnic~ galeata, species widely distributed in the district and also occurring in 
many of the large lochs further south, was observed here. The loch further 
resembles many other large lochs in the presence of numerous skeletons of 
Clathrulina elegans. The only Rotifer calling for mention is Tr~arthra Iongiseta, 
a species not usual in large lakes. Unlike the other lochs of the district, 
there were very few Desmids in the plankton. The quanti ty of plankton was 
very small. 

Loch Lurgain.--The fauna comprised only the usual pelagic species, amcng 
which Cyclops s~renuus was most abundant. The Daphnia was D. galeata. 
Diaphanosoma brachyurum was present in some numbers. The flora was remark- 
able for the number of Desmids, especially of the genus Staurastr~em, including 
the beautiful large species~ S. longispinum and S. arctiscon. 

JLoch Bad a ~ GhaiU.--The somewhat meagre plankton was almost exactly of the 
type found in deep lochs, differing only in the greater abundance of Rotifera, among 
which were _Pl~so~na, Gastropus, and Trla~'thra. The commonest animal was 
Cyclops strenuus. About a dozen species of Desmids were observed, including 
Stau~'astrum longlspin~tm and ~. gracile, var. bulbosu~. 

Loch Owskeich.--The fauna was much richer than that of Loch Bad a' Ghail], 
with which, from position and size, it is best comparable. Diaptom~s gradlis 
and D. laciniatus were both present. The .Daphnia was i). galeata. There were 
many filamentous Algee and Desmids, among which occurred Sta~trastr~tq~ 
Brazilicnse. 

Loch ~klnaskink.--The plankton was very rich, and, notwithstanding the large 
size and considerable mean depth of the loeb, resembled that of a shallow loch in the 
great numbers of Rotifers, Desmids, and Protozoa. There were two species of 
Diapton~us, D. gracilis and D. laciniatus, and two of Daphnia, D. lac~tstris and 
D. galeata. Among the Rotifera were two species which, though pelagic, are not 
usual in large lakes, viz. a Syncheetce and a Pl~so'ma. The Desmids included 
Staurastrum Braziliense and 2. ophiura. 

Loch Fionn.--This loch, though long, is so narrow as to be little more than an 
expansion of the river. When in spate, as on the occasion of 1he visit of the Lake 
Survey, there is a decided current down lhe loeh. As would be expected in tl~e 
circumstances, life was very scarce and of few species. T~o forms of ~Bo~mina were 
present, B. obtusirostris and its variety B. lo~gispina. 

Loch a~ Tuirc.--Entomostraca were numerous, but of few species. Rotifera 
were scarce. Filamentous Algm were abundant, but  there were few Desmids. 

Loch Beannach.--Organisms were not very abundant. Only the commonest 
pelagic Eutomostraca were present. Rotifcra were more numerous, including, 
ia addition to the usual pelagic species, Gastropods stylifer and a species of 
.Pl~soma. 

Loch na Doire Daraich.--The very abundant fauna of this loeh closely 
resembled that of the adjacent Loch Druim Suardalain, the most notable difference 
being the more numerous Rotifera. Among these were Flosc~daria pela~iea, 
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Trlarthra longiseta, Pterodina patina, Copeus cerberus, Dinocharis Collinsii. 
Among the numerous Desmids were Micrasterias f~rcafa, M. 2)innatafida, Stauras. 
Srum grande, and S. longispinum. 

Loch Druim Suardalain.--This shallow loch had the richest fauna found in the 
loehs of the district. The flora was also very rich. About a dozen species of 
Rotifera were seen, including Callidina Brycei. Over thirty species of Desmids 
occurred, among which were Staurastrum grande, ~. ophiura, and S. sexangulare. 
There was nothing among the Entomostraca calling for remark, only the commoner 
pelagic and shallow-water species being observed. 

JLoch Maol a' Choire.--Crustacea were very abundant, including a species of 
qammarus. Diaptomus Wierzejskii was the only Calanid observed. I t  was in a 
collection from this loch that the species was discovered in Briiain by Dr. Scott. 
The usual pelagic Rotifera were present. No Desmids were seen. 

Loch Awe.--The most abundant organism was a variety of Diaptomus Wierzejskii. 
S/da was seen here, and in no other lake in the district, being somewhat late in the 
season for this species. Very few Rotifera or Alg~ were noticed. 

T H E  U T T E R M O S T  EAST.  1 

TIIOSE of our readers who remember  the in teres t ing lecture del ivered 
to the  Society last  year  by Mr. Hawes, and those who heard his address  
at  the  meet ing of the Br i t i sh  Associat ion in Belfast the yea r  before last,  
wil l  know what  to expect in this  his latest  work, and they will  not  be 
disappointed.  Of late years we have had many impor tant  works en 
Siber ia  and the F a r  East,  bu t  in Mr. Hawes's  hands the subject loses 
none of i ts  freshness or interest ,  and i t  is needless to say tha t  a t  the  
present  time, the more we learn of the condit ions of Japan, Korea,  Eas te rn  
Russia,  and Eastern  China, the be t te r  we will  be able to unders tand t i le 
arena in which there is now taking  place a struggle for supremacy,  the  
final issue of which i t  would be rash to predict ,  but  which, whatever i t  
be, cannot fail to leave an indelible mark  on the his tory of both East  a n d  
West .  The interes t  of Mr. Hawes's  book begins with the first chapter,  
which is main ly  devoted to a descript ion of Korea.  In  this  peninsula  
the  po r t  of Fusan is less than 100 knots d is tan t  from Nagasaki  in 
Japan ,  and when Mr. Hawes saw it, i t  was " a  mere collection of mud huts ,"  
near  to which werc several hundred Japanese houses forming a separatd  
se t t lement .  A t  Gensan on the north,  about half-way up the peninsula,  
the  Japanese  number  2000 and the Koreans  15,000. In  1901, says Mr.  
Hawes, there  were 16,142 Japanese in Korea  and only 97 Russians,  
while Sixty-four per  cent. of the shipping t rade was JapaneEe. I t  is no t  
remarkable,  then, tha t  Japan fears and resents the aggressions of Russia,  
and has come to the conclusion tha t  a t  any r isk and at  any cost they  
must  be stopped. 

F r o m  Gensau Mr. Hawes sailed to Vladivostok,  and thence proceeded 
on by rai l  to Khabarovsk  on the A m u r ;  and in the course of  this  journey  

1 .In the Uttermost East. By Charles H. Hawes. London and New York: Harper 
Brothers, 1903. Price 16s. 
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